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(57) ABSTRACT 

The present invention provides a production process by 
Which a Water-absorbent resin of excellent quality can be 
obtained at a loW cost by reasonable steps in aqueous 
solution polymerization. The process for producing a Water 
absorbent resin comprises the step of polymerizing an 
aqueous solution of Water-absorbent resin-forming mono 
mers including acrylic acid and/or its sodium salt as major 
components, Wherein: (1) the aqueous solution has a mono 
mer component concentration of not less than 45 Weight %; 
(2) the polymerization is carried out While Water is evapo 
rated so that the ratio (concentration ratio) betWeen a solid 
component concentration in a hydropolymer as formed by 
the polymerization and a solid component concentration in 
the aqueous monomer solution Will not be less than 1.10; 
and (3) the solid component concentration in the hydropoly 
mer as formed by the polymerization is not more than 80 
Weight %. 

2 Claims, 8 Drawing Sheets 
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WATER-ABSORBENT RESIN, 
HYDROPOLYMER, PROCESS FOR 

PRODUCING THEM, AND USES OF THEM 

BACKGROUND OF THE INVENTION 

A. Technical Field 
The present invention relates to: a process for producing 

a Water-absorbent resin Which is utilized favorably for 
various uses such as sanitary articles (e.g. disposable 
diapers, sanitary napkins) and Water-retaining agents for 
soil, Wherein the Water-absorbent resin is produced by 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers; products (hydropolymer and Water 
absorbent resin) from this process; and sanitary articles 
comprising the Water-absorbent resin. 

B. Background Art 
In recent years, Water-absorbent resins are Widely utiliZed 

for various uses such as sanitary articles (e.g. disposable 
diapers, sanitary napkins, adult incontinent products) and 
Water-retaining agents for soil and are produced and con 
sumed in large quantities. 

Particularly in the uses for the sanitary articles (erg. 
disposable diapers, sanitary napkins, adult incontinent 
products), the tendency is toWard increasing the amounts of 
Water-absorbent resins and decreasing the amounts of pulp 
?bers in order to render products thin, and the Water 
absorbent resins are desired to have large absorption capaci 
ties under loads, While the Water-absorbent resins are used in 
so large quantities per sheet of the sanitary articles that the 
Water-absorbent resins are desired to cost loW. Therefore, in 
the production line of the Water-absorbent resins, it is 
desired to reduce energy consumption and Waste matter 
emission and to thereby establish a reasonable production 
process. 

Various polymeriZation processes have been attempted so 
far in Which, for example, When aqueous solution polymer 
iZation of Water-absorbent resin-forming monomers is car 
ried out, a dried Water-absorbent resin is obtained at one 
stroke by carrying out polymeriZation in a high monomer 
concentration or initiating polymeriZation at a high tempera 
ture to thereby vaporiZe Water by a heat of polymeriZation or 
heating, for the purpose of rendering costs so loW as to 
enhance the performance/cost ratio of the Water-absorbent 
resin. 

JP-A-071907/1983 (ArakaWa Kagaku) and JP-A-018712/ 
1984 (ArakaWa Kagaku) disclose processes in Which dry 
solids of Water-absorbent resins are obtained at one stroke by 
polymeriZing an aqueous acrylate salt solution of a concen 
tration higher than 55 Weight %. US. Pat. No. 4,985,518 
(American Colloid) discloses a process in Which a dry solid 
of a Water-absorbent resin is obtained at one stroke by 
polymeriZing an aqueous acrylate salt solution of a concen 
tration higher than 30 Weight %. JP-A-058208/ 1980 (Kitani) 
discloses a process in Which polymeriZation is carried out in 
the polymeriZation temperature range of 106 to 160° C. 
Without any crosslinking agent, and in examples thereof a 
dry solid having a loW Water content is formed at the end of 
the polymeriZation. JP-A-318022/1989 (Mitsubishi Yuka) 
discloses a process in Which a polymer is obtained in almost 
a dry state by polymeriZing an aqueous solution containing 
a monomer in a concentration of 45 to 80 Weight % Wherein 
the monomer has a neutraliZation ratio of 20 to 50 mol %. 
HoWever, these processes have demerits in that the resultant 
Water-absorbent resins have high extractable contents for 
their absorption capacities. 
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2 
In addition, JP-A-147512/1980 (Sumitomo Chemical Co., 

Ltd.), JP-A-147809/1981 (Sumitomo Chemical Co., Ltd.), 
JP-A-275607/1988 (Sanyo Kasei), and JP-A-275608/1988 
(Sanyo Kasei) disclose processes in Which dried products of 
Water-absorbent resins are obtained at one stroke by sup 
plying aqueous monomer solutions onto heated rotary drums 
and then scraping off the resultant polymers therefrom. 
JP-A-165610/1989 (Rohm and Haas) also discloses almost 
the same process as the above in Which a substantially dry 
solid of a Water-absorbent resin is obtained by supplying an 
aqueous monomer solution onto a heated face. HoWever, 
these processes also have the demerits in that the resultant 
Water-absorbent resins have high extractable contents for 
their absorption capacities. 

In addition, JP-A-215801/1990 (Mitsubishi Yuka) dis 
closes a process in Which polymeriZation is carried out by 
spraying into a gas phase an aqueous monomer solution as 
heated by utiliZing a heat of neutraliZation of the monomer, 
but, as to this process, it is considered that the polymeriZa 
tion is dif?cult to control, because the polymeriZation is 
completed in about 3 seconds. 
The above prior arts Were published in or before 1990, but 

have their respective demerits, therefore it seems that they 
are not actually carried out. 

Thereafter published Were arts as directed to enhancement 
of the performance for the purpose of increasing the 
performance/cost ratio of the Water-absorbent resin. JP-A 
175319/1992 (Sanyo Kasei) and JP-A-181005/1999 
(Nippon Shokubai Co., Ltd.) disclose attempts to obtain 
high-performance Water-absorbent resins by initiating poly 
meriZation at a loW temperature and mildly carrying out the 
polymeriZation While removing the generated heat to 
depress the peak temperature to not higher than about 90° C. 
JP-A-228604/1999 (Nippon Shokubai Co., Ltd.) discloses 
an attempt to obtain a high-performance Water-absorbent 
resin still by initiating polymeriZation at a loW temperature 
and mildly carrying out the polymeriZation While removing 
the generated heat to depress the peak temperature to not 
higher than about 95° C. or to control the increase of the 
solid component concentration Within the range of 0.2 to 10 
Weight %. JP-A-067404/1997 (BASF) and US. Pat. No. 
6,187,828 (BASF) disclose a process in Which polymeriZa 
tion is initiated at a loW temperature in a cylindrical poly 
meriZation reactor and carried out adiabatically, but this 
process has demerits in that the concentration of the aqueous 
monomer solution cannot be rendered high, because the heat 
removal is not carried out, and in that the residence time is 
long (several hours). All these processes sacri?ce the 
productivity, therefore none of them can avoid high costs. 

In addition, recently, “An Ef?cient Preparation Method 
for Superabsorbent Polymers” (Chen, Zhao) Was reported in 
the Journal of Applied Polymer Science, Vol. 74, pp. 
119—124 (1999). This proposes a loW-cost polymeriZation 
process comprising the steps of placing an aqueous solution 
of a monomer concentration of 43.6% and an initiator into 
a stainless Petri dish, and then immersing this dish into a 
Water bath of 70° C. or 80° C. to carry out polymeriZation. 
HoWever, this process has not yet attained an industrially 
useful level. 

In addition, JP-A-045812/1998 (Sekisui Chemical 
Products) discloses an attempt to inhibit bumping, promote 
emission of Water vapor, and render the Water content of the 
resultant gel loW by adding short ?bers to an aqueous 
monomer solution, but this attempt has the demerit of using 
expensive short ?bers Which do not contribute to the Water 
absorption. 



US 6,906,159 B2 
3 

SUMMARY OF THE INVENTION 
A. Object of the Invention 
An object of the present invention is to provide a process 

by Which a Water-absorbent resin With excellent perfor 
mance is produced at a loW cost and, speci?cally, to provide 
by reasonable steps the following materials: a base polymer 
exhibiting a high absorption capacity Without load and 
having a loW extractable content; and a surface-crosslinked 
Water-absorbent resin exhibiting a high absorption capacity 
under a load. 

B. Disclosure of the invention 

The present inventors diligently studied to achieve the 
above object and, as a result, have completed the present 
invention by ?nding out that, on the contrary to the con 
ventionally accepted theory (Which is that, as is disclosed in 
the above JP-A-175319/1992 (Sanyo Kasei), JP-A-181005/ 
1999 (Nippon Shokubai Co., Ltd.), and JP-A-228604/1999 
(Nippon Shokubai Co., Ltd.), a high-performance Water 
absorbent resin is obtained by initiating the polymeriZation 
at a loW temperature and by rendering the peak temperature 
as loW as possible by the heat removal), a high-performance 
Water-absorbent resin can be obtained With high productivity 
by a process in Which a hydropolymer having a high solid 
component concentration is obtained in a short time by 
setting the polymeriZation initiation temperature for a high 
one and vaporiZing Water at the boiling point of the resulting 
gel and Which therefore appears reckless in conventional 
vieWs. 

Herein, the term “hydropolymer” means a Water 
containing Water-absorbent resin of Which the solid compo 
nent concentration is not more than 82 Weight %. 

In addition, important for the production process accord 
ing to the present invention is hoW a hydropolymer having 
a high solid component concentration of 55 to 82 Weight % 
Which is formable by polymeriZation can be disintegrated. In 
the case Where the hydropolymer, Which is formed by 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers, has a shape difficult to dry as it is, such 
as shapes of thick plates, blocks, and sheets, the hydropoly 
mer is usually disintegrated and then subjected to the steps 
such as drying, pulveriZation, classi?cation, and surface 
crosslinking, thus forming a Water-absorbent resin product. 
In cases of acrylic acid (salt)-based Water-absorbent resins, 
a hydropolymer having a solid component concentration of 
less than 55 Weight % can easily be disintegrated With such 
as meat-chopper-type disintegrating machines. In addition, 
like a dried hydropolymer, a hydropolymer having a solid 
component concentration of more than 82 Weight % can 
easily be pulveriZed With such as conventional impact type 
pulveriZing machines. HoWever, a hydropolymer having a 
solid component concentration of 55 to 82 Weight % is 
dif?cult to handle because of its properties and state, there 
fore an attempt to industrially disintegrate such a hydro 
polymer has not yet succeeded. 

For example, in Comparative Examples 1 and 2 as set 
forth in Us. Pat. No. 4,703,067 (American Colloid), hydro 
polymers having solid component concentrations of 58% 
and 67% respectively are obtained, but this US. Pat. No. 
teaches that “they cannot be pulveriZed as they are, so they 
needed to be dried before being pulverized”. Thus, the 
disintegration in the above solid component concentration 
range is avoided in these Comparative Examples. 
JP-A-175319/1992 (Sanyo Kasei) discloses a gel 

disintegrating machine as an example, but the polymeriZa 
tion is carried out in a monomer concentration of 50 Weight 
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4 
% at the highest, therefore this publication discloses no 
example of disintegration of a hydropolymer having a solid 
component concentration of not less than 55 Weight %. 

JP-A-119042/1998 (Nippon Shokubai Co., Ltd.), JP-A 
188725/1999 (Nippon Shokubai Co., Ltd.), and JP-A 
188726/1999 (Nippon Shokubai Co., Ltd.) disclose that a 
gel is disintegrated by shearing it With a ?xed blade and a 
rotary blade, but still these publications disclose no example 
of disintegration of a hydropolymer having a solid compo 
nent concentration of not less than 55 Weight %. 

JP-A-188727/1999 (Hatsuda, Miyake, Yano on Nippon 
Shokubai Co., Ltd.) discloses that a hydropolymer is disin 
tegrated by shearing it by interposing it betWeen a pair of 
spiral rotary blades Which are arranged opposite to each 
other and fed at speeds different from each other. In Example 
1 as set forth in this publication, a hydropolymer having a 
Water content of 39 Weight % is disintegrated, but this 
publication does not disclose any example in Which the 
hydropolymer is disintegrated into particles of Which the 
Weight-average diameter is not larger than 100 mm. 
Actually, the Weight-average particle diameter of the disin 
tegrated hydropolymer Was larger than 100 mm. 

Thus, the present inventors diligently studied about hoW 
a hydropolymer having a high solid component concentra 
tion of 55 to 82 Weight % Which is formable by polymer 
iZation can be disintegrated. As a result, the present inven 
tors have further found out that such a hydropolymer can 
easily be divided into ?ne pieces With a speci?c disintegrat 
ing machine. 

That is to say, a process for producing a Water-absorbent 
resin, according to the present invention, comprises the step 
of polymeriZing an aqueous solution of Water-absorbent 
resin-forming monomers including acrylic acid and/or its 
sodium salt as major components, Wherein: 

(1) the aqueous solution has a monomer component 
concentration of not less than 45 Weight %; 

(2) the polymeriZation is carried out While Water is 
evaporated so that the ratio (concentration ratio) 
betWeen a solid component concentration in a hydro 
polymer as formed by the polymeriZation and a solid 
component concentration in the aqueous monomer 
solution Will not be less than 1.10; and 

(3) the solid component concentration in the hydropoly 
mer as formed by the polymeriZation is not more than 
80 Weight %. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) the highest temperature during the polymeriZation is 
not loWer than 100° C.; 

(2) the polymeriZation initiation temperature is not loWer 
than 50° C.; and 

(3) acrylic acid and/or Water Which evaporate during the 
polymeriZation are collected and recycled. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) the polymeriZation initiation temperature is not loWer 
than 50° C.; 

(2) the solid component concentration in a hydropolymer 
as formed by the polymeriZation is not more than 80 
Weight %; and 
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(3) the polymerization time is shorter than 3 minutes. 
Another process for producing a Water-absorbent resin, 

according to the present invention, comprises the step of 
polymerizing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) at least one photoinitiator and at least one thermal 
initiator are used together as polymeriZation initiators; 
and 

(2) the highest temperature during the polymeriZation is 
not loWer than 105° C. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) at least one photoinitiator and at least one thermal 
initiator are used together as polymeriZation initiators; 

(2) the polymeriZation initiation temperature is not loWer 
than 50° C.; and 

(3) the aqueous solution has a monomer component 
concentration of not less than 45 Weight %. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its sodium 
salt as major components, Wherein: 

(1) the neutraliZation ratio of acrylic acid is not less than 
50 mol %; 

(2) the polymeriZation initiation temperature is not loWer 
than 50° C.; 

(3) the solid component concentration in a hydropolymer 
as formed by the polymeriZation is not more than 80 
Weight %; and 

(4) the polymeriZation time is shorter than 3 minutes. 
Another process for producing a Water-absorbent resin, 

according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) the polymeriZation initiation temperature is not loWer 
than 50° C.; 

(2) the aqueous solution has a monomer component 
concentration of not less than 45 Weight %; and 

(3) the polymeriZation temperature-rising ratio is not 
more than 0.30. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its sodium 
salt as major components, Wherein: 

(1) the polymeriZation initiation temperature is not loWer 
than 50° C.; 

(2) the aqueous solution has a monomer component 
concentration of not less than 45 Weight %; and 

(3) the highest temperature during the polymeriZation is 
not higher than 140° C. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its sodium 
salt as major components, Wherein: 

(1) the aqueous solution has a monomer component 
concentration of not less than 45 Weight %; 
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6 
(2) the neutraliZation ratio of acrylic acid is not less than 

50 mol %; 
(3) the polymeriZation initiation temperature is not loWer 

than 50° C.; and 
(4) the difference betWeen the polymeriZation initiation 

temperature and the highest temperature during the 
polymeriZation is not more than 70° C. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein the polymeriZation proceeds 
under extension force. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, 

Wherein the process further comprises the step of disin 
tegrating a hydropolymer into particles of Which the Weight 
average diameter is not larger than 100 mm Wherein the 
hydropolymer is formed by the polymeriZation and has a 
solid component concentration in the range of 55 to 82 
Weight %. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, 

Wherein the process further comprises the step of disin 
tegrating a hydropolymer With a disintegrating machine 
having a screen wherein the hydropolymer is formed by the 
polymeriZation and has a solid component concentration in 
the range of 55 to 82 Weight %. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, 

Wherein the process further comprises the step of disin 
tegrating a hydropolymer With a disintegrating machine so 
that the ratio of the increase of the solid component con 
centration during the disintegration may not be less than 2 
points Wherein the hydropolymer is formed by the polymer 
iZation and has a solid component concentration in the range 
of 55 to 82 Weight %. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, 

Wherein the process further comprises the step of disin 
tegrating a hydropolymer With a disintegrating machine 
While passing a gas through the disintegrating machine 
Wherein the hydropolymer is formed by the polymeriZation 
and has a solid component concentration in the range of 55 
to 82 Weight %. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, 

Wherein the process further comprises the step of surface 
crosslinking a particulate hydropolymer Which is obtained 
by disintegrating a hydropolymer resultant from the poly 
meriZation and has a solid component concentration in the 
range of 55 to 82 Weight %, a residual monomer content of 



US 6,906,159 B2 
7 

not more than 1,000 ppm, and a Weight-average particle 
diameter of not larger than 3 mm. 

Another process for producing a Water-absorbent resin, 
according to the present invention, comprises the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) the polymerization step produces a hydropolymer 
having a solid component concentration in the range of 
55 to 82 Weight %; 

and Wherein the process further comprises the folloWing 
steps: 

(2) a disintegration step for disintegrating the 
hydropolymer, Which has a solid component concen 
tration in the range of 55 to 82 Weight %, into particles 
of Which the Weight-average diameter is not larger than 
10 mm; and 

(3) a drying step for increasing the solid component 
concentration in the disintegrated hydropolymer by not 
less than 3%. 

A Water-absorbent resin, according to the present 
invention, is obtained by a process including the step of 
polymeriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, and has the folloWing properties: 

(1) 20 (g/g)§absorption capacity Without load (GV)§60 
(g/g); 

(2) absorption capacity under a load 220 (g/ g); and 
(3) absorption capacity Without load (GV)><solubiliZation 

residue ratio (%)§1,200 ((g/g)%). 
A hydropolymer, according to the present invention, is a 

disintegrated hydropolymer Which is obtained When produc 
ing a Water-absorbent resin by a process including the step 
of polymeriZing an aqueous solution of Water-absorbent 
resin-forming monomers including acrylic acid and/or its 
salt as major components, and has a solid component 
concentration in the range of 55 to 82 Weight %, a residual 
monomer content of not more than 1,000 ppm, and a 
Weight-average particle diameter of not larger than 3 mm. 
A sanitary article, according to the present invention, 

comprises at least one member selected from the group 
consisting of the Water-absorbent resins obtained by the 
above production processes according to the present inven 
tion and the above Water-absorbent resin according to the 
present invention. 

These and other objects and the advantages of the present 
invention Will be more fully apparent from the folloWing 
detailed disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph Which illustrates relations betWeen 
polymeriZation reaction temperature and time in Examples 3 
and 7 to 10, Wherein the time Zero is the initiation time of 
irradiation of light. 

FIG. 2 is a side vieW photograph of the hydropolymer as 
obtained in Example 1. 

FIG. 3 is a side vieW photograph of the hydropolymer as 
obtained in Example 3. 

FIG. 4 is a top vieW photograph of the hydropolymer as 
obtained in Example 3. 

FIG. 5 is a bottom vieW photograph of the hydropolymer 
as obtained in Example 3. 

FIG. 6 is a side vieW photograph of the hydropolymer as 
obtained in Example 5. 

FIG. 7 is a side vieW photograph of the hydropolymer as 
obtained in Example 7. 
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8 
FIG. 8 is a photograph of a gel as formed by cutting off 

a portion of the hydropolymer resultant from Example 7 and 
then sWelling it With tap Water. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, modes for carrying out the present invention 
are explained in detail. 
Examples of the Water-absorbent resin-forming 

monomers, as used in the present invention, include anionic 
unsaturated monomers, such as (meth)acrylic acid, 
(anhydrous) maleic acid, itaconic acid, cinnamic acid, vinyl 
sulfonic acid, allyltoluenesulfonic acid, vinyltoluene 
sulfonic acid, styrenesulfonic acid, 2-(meth)acrylamido-2 
methylpropanesulfonic acid, 2-(meth) 
acryloylethanesulfonic acid, 2-(meth) 
acryloylpropanesulfonic acid, and 2-hydroxyethyl (meth) 
acryloyl phosphate, and their salts; mercaptan-group 
containing unsaturated monomers; phenolic-hydroxyl 
group-containing unsaturated monomers; amide-group 
containing unsaturated monomers such as (meth) 
acrylamide, N-ethyl(meth)acrylamide, and N,N-dimethyl 
(meth)acrylamide; and amino-group-containing unsaturated 
monomers such as N,N-dimethylaminoethyl (meth)acrylate, 
N,N-dimethylaminopropyl (meth)acrylate, and N,N 
dimethylaminopropyl(meth)acrylamide. These monomers 
may be used either alone respectively or ?tly in combina 
tions With each other. HoWever, for performance and costs of 
the resulting Water-absorbent resin, it is necessary to use 
acrylic acid and/or its salt (eg salts of such as sodium, 
lithium, potassium, ammonium, and amines, Wherein the 
sodium salt is particularly favorable for costs) as major 
components. The acrylic acid and/or its salt is used in a ratio 
of favorably not less than 70 mol %, more favorably not less 
than 80 mol %, still more favorably not less than 90 mol %, 
particularly favorably not less than 95 mol %, to the entirety 
of the monomer components. 

Besides the unsaturated monomer components such as 
acrylic acid and/or its salt and internal-crosslinking agents, 
other additives such as polymeriZation initiators as men 
tioned beloW are also included in the solid components in the 
aqueous monomer solution as referred to herein. 

Conventional internal-crosslinking agents can be used as 
the above internal-crosslinking agents. Speci?c examples 
thereof include those Which are disclosed on page 4 of 
JP-A-182750/ 1998. These internal-crosslinking agents may 
be used either alone respectively or in combinations With 
each other in consideration of their reactivity. Particularly, it 
is favorable that a compound With at least tWo polymeriZable 
unsaturated groups is essentially used. The amount of the 
above internal-crosslinking agent, as used, is determinable 
?tly for the properties of the aimed Water-absorbent resin. 
The concentration of the Water-absorbent resin-forming 

monomers is not especially limited, but is favorably not less 
than 30 Weight %, more favorably not less than 35 Weight %, 
still more favorably not less than 40 Weight %, yet still more 
favorably not less than 45 Weight %, yet still more favorably 
not less than 50 Weight %, yet still more favorably not less 
than 55 Weight yet still more favorably in the range of 30 to 
70 Weight %, yet still more favorably in the range of 35 to 
60 Weight %, yet still more favorably in the range of 40 to 
60 Weight %. In the case Where the concentration is less than 
30 Weight %, the productivity is loW. In the case Where the 
concentration is more than 70 Weight %, the absorption 
capacity is loW. 
The neutraliZation ratio of the acid-group-containing 

monomer is not especially limited, but is favorably not less 



US 6,906,159 B2 
9 

than 50 mol %, more favorably in the range of 50 to 80 mol 
% (but not including 80 mol %), still more favorably in the 
range of 55 to 78 mol %, most favorably in the range of 60 
to 75 mol %, also considering that the neutralization sub 
sequent to the polymeriZation is not needed for uses having 
a possibility of contact With human bodies, such as sanitary 
articles. 

In the case Where acrylic acid is used in the form 
neutraliZed With an alkali, it is favorable that a heat of 
neutraliZation and/or a heat of dissolution (of acrylic acid 
and an alkali) is effectively utiliZed for raising the tempera 
ture of the aqueous monomer solution. In a favorable mode 
for carrying out the present invention, the polymeriZation is 
initiated by adding a crosslinking agent and an initiator to 
the aqueous monomer solution as heated by the neutraliZa 
tion in an adiabatic state or, as is mentioned beloW, the heat 
of neutraliZation and/or the heat of dissolution (of acrylic 
acid and the alkali) are utiliZed for removal of dissolved 
oxygen. 
When the polymerization is carried out, the folloWing 

materials may be added to the reaction system: hydrophilic 
polymers such as starch, its derivatives, cellulose, its 
derivatives, poly(vinyl alcohol), poly(acrylic acid) (or its 
salts), and crosslinked polymers of poly(acrylic acid) (or its 
salts); chain transfer agents such as hypophosphorous acid 
(or its salts); and chelating agents. 

With regard to the method for polymeriZing the above 
monomer components, there is no especial limitation if it is 
aqueous solution polymeriZation. For example, the present 
invention can be carried out by static polymeriZation in 
Which the aqueous monomer solution is polymeriZed in a 
static state or by agitation polymeriZation in Which the 
aqueous monomer solution is polymeriZed in an agitation 
apparatus. 

In the static polymeriZation method, an endless belt is 
favorably used. Favorable examples of the belt include 
resin-made or rubber-made belts such that the heat of 
polymeriZation is difficult to escape from the face (of the 
belts) contacting the materials. 

In the agitation polymeriZation method, single-shaft agi 
tators are also available, but multiple-shaft agitators are 
favorable. 

In cases of the radical aqueous solution polymeriZation, 
conventionally, dissolved oxygen Which hinders the poly 
meriZation is removed from the aqueous solution by bloWing 
an inert gas into the aqueous solution or deaerating the 
aqueous solution under reduced pressure before the poly 
meriZation initiator is added. In the actual circumstances, 
hoWever, facilities and operation costs are needed therefor. 
In a favorable mode for carrying out the present invention, 
the operation for removing the dissolved oxygen is carried 
out by utiliZing the aforementioned heat of neutraliZation 
and/or the aforementioned heat of dissolution (of acrylic 
acid and the alkali) for raising the temperature of the 
aqueous monomer solution and thereby volatiliZing the 
dissolved oxygen. 

In a more favorable mode for carrying out the present 
invention, raW materials (such as acrylic acid, an aqueous 
alkali solution, and Water) for the aqueous monomer solu 
tion can be heated by neutraliZation Without being deoxi 
diZed beforehand, so that the dissolved oxygen content can 
be adjusted to favorably not more than 4 ppm, more favor 
ably not more than 2 ppm, most favorably not more than 1 
ppm, of the aqueous monomer solution, and then the aque 
ous monomer solution can be subjected to the polymeriZa 
tion intactly Without deoxidation operation. 
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10 
In addition, it is also favorable that a part or all of the raW 

materials (such as acrylic acid, an aqueous alkali solution, 
and Water) for the aqueous monomer solution are before 
hand partially deoxidiZed and then further deoxidiZed by 
raising the temperature by the neutraliZation and. In 
addition, in the case Where the polymeriZation is initiated at 
a high temperature of not loWer than 80° C. by line-mixing 
acrylic acid and an alkali to make neutraliZation and further 
line-mixing a polymeriZation initiator, it is favorable for 
inhibition of the polymeriZation initiation in lines that the 
raW materials (such as acrylic acid, an aqueous alkali 
solution, and Water) are not deoxidiZed beforehand. 
The polymeriZation is carried out usually under normal 

pressure, but it is also a favorable mode that the polymer 
iZation is carried out While Water is distilled off under 
reduced pressure in order to loWer the boiling temperature of 
the polymeriZation system. More favorably for such as 
easiness of the operation, the polymeriZation is carried out 
under normal pressure. 

The increase of the neutraliZation ratio during the poly 
meriZation is not especially limited, but is favorably not less 
than 2 points, more favorably not less than 3 points, still 
more favorably not less than 4 points. Even if the increase 
of the neutraliZation ratio is 0, there is no especial problem. 
HoWever, the increase of the neutraliZation ratio of not less 
than 2 points has the advantage of enhancing the properties 
of the resultant polymers (hydropolymer, base polymer, 
Water-absorbent resin). 

The polymeriZation initiator, as used in the present 
invention, is not especially limited, but usable examples 
thereof include: thermal initiators (e.g. persulfates such as 
sodium persulfate, potassium persulfate, and ammonium 
persulfate; peroxides such as hydrogen peroxide, t-butyl 
peroxide, and methyl ethyl ketone peroxide; aZo compounds 
such as aZonitrile compounds, aZoamidine compounds, 
cyclic aZoamidine compounds, aZoamide compounds, alky 
laZo compounds, 2,2‘-aZobis(2-amidinopropane) 
dihydrochloride, and 2,2‘-aZobis(2-(2-imidaZolin-2-yl) 
propane) dihydrochloride); and photoinitiators (e.g. benZoin 
derivatives, benZyl derivatives, acetophenone derivatives, 
benZophenone derivatives, aZo compounds). Considering 
the costs and the ability to reduce the residual monomer 
content, the persulfates are favorable. In addition, the use of 
the at least one photoinitiator and ultraviolet rays is also a 
favorable method. More favorably, the at least one thermal 
initiator and the at least one photoinitiator are used together. 

It is favorable to beforehand render the monomer tem 
perature high. The reason therefor is that such a Way 
facilitates the aforementioned removal of dissolved oxygen 
and further makes it possible to immediately realiZe the 
beloW-mentioned favorable polymeriZation initiation tem 
perature. Such a monomer temperature is not especially 
limited, but is usually not loWer than 50° C., favorably not 
loWer than 60° C., more favorably not loWer than 70° C., still 
more favorably not loWer than 80° C., yet still more favor 
ably not loWer than 90° C., yet still more favorably in the 
range of 80 to 105° C., most favorably in the range of 90 to 
100° C. In the case Where the monomer temperature is loWer 
than 50° C., the induction period and the polymeriZation 
time lengthen so much as to deteriorate not only the pro 
ductivity but also the properties of the resulting Water 
absorbent resin. Incidentally, the polymeriZation time is a 
period of time of from completion of the polymeriZation 
initiation conditions folloWing the charge of the aqueous 
monomer solution into a polymeriZation reactor till attain 
ment to the peak temperature. 
The polymeriZation initiation temperature is usually not 

loWer than 50° C., favorably not loWer than 60° C., more 
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favorably not lower than 70° C., still more favorably not 
loWer than 80° C., yet still more favorably not loWer than 
90° C., yet still more favorably in the range of 80 to 105° C., 
most favorably in the range of 90 to 100° C. In the case 
Where the polymeriZation initiation temperature is loWer 
than 50° C., the induction period and the polymeriZation 
time lengthen so much as to deteriorate not only the pro 
ductivity but also the properties of the resulting Water 
absorbent resin. In the case Where the polymeriZation ini 
tiation temperature is higher than 105° C., the foaming or 
extension might not sufficiently occur. The polymeriZation 
initiation temperature can be observed from such as White 
turbidity, increase of viscosity, and rise of temperature of the 
aqueous monomer solution. 

Incidentally, as is aforementioned, the heat of neutraliZa 
tion of the aqueous monomer solution and/or the heat of 
dissolution (of acrylic acid and the alkali) are favorably 
utiliZed for securing the temperature of this aqueous mono 
mer solution to cause the polymeriZation initiation. 

The highest temperature during the polymeriZation is not 
especially limited, but is favorably not higher than 150° C., 
more favorably not higher than 140° C., still more favorably 
not higher than 130° C., yet still more favorably not higher 
than 120° C., yet still more favorably not higher than 115° 
C. In the case Where the highest temperature is higher than 
150° C., there are disadvantages in that the properties of the 
resultant polymers (hydropolymer, base polymer, Water 
absorbent resin) are greatly deteriorated. 

In the present invention, the difference betWeen the poly 
meriZation initiation temperature and the highest tempera 
ture during the polymeriZation is favorably not more than 
70° C., more favorably not more than 60° C., still more 
favorably not more than 50° C., yet still more favorably not 
more than 40° C., yet still more favorably not more than 30° 
C., most favorably not more than 25° C. In the case Where 
the difference betWeen the polymeriZation initiation tem 
perature and the highest temperature during the polymer 
iZation is more than 70° C., there are disadvantages in that 
the properties of the resultant polymers (hydropolymer, base 
polymer, Water-absorbent resin) are deteriorated. 

The polymeriZation time is not especially limited, but is 
favorably not longer than 5 minutes, more favorably not 
longer than 3 minutes, still more favorably shorter than 3 
minutes, yet still more favorably not longer than 2 minutes, 
yet still more favorably not longer than 1 minute. In the case 
Where the polymeriZation time is longer than 5 minutes, 
there are disadvantages in that the productivity of the 
resultant polymers (hydropolymer, base polymer, Water 
absorbent resin) is deteriorated. 

In a favorable eXample of the polymeriZation process 
according to the present invention, after the initiation of the 
polymeriZation, the temperature of the system rapidly rises 
to reach the boiling point in the stage of a loW polymeriZa 
tion conversion, for eXample, of 10 to 20 mol %, at Which 
the system emits Water vapor and increases its solid com 
ponent concentration, While the polymeriZation proceeds. 
Therefore, it is desirable that the heat radiation from portions 
(of the polymeriZation reactor) contacting the materials is 
suppressed as much as possible, and examples of qualities of 
materials as favorably used therefor include such that por 
tions (made of such as resin, rubber, and stainless steel) 
noncontacting the materials are covered With heat insulators 
or heated With ajacket. The Water vapor as emitted from the 
system might contain monomers. In such a case, therefore, 
the Water vapor is desired to be recovered and recycled. 
Particularly, it is favorable that acrylic acid and/or Water 
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Which evaporate during the polymeriZation are collected and 
recycled. The recovery ratio of the acrylic acid is favorably 
not less than 1%, more favorably not less than 2%, still more 
favorably not less than 3%, based on the Whole Weight 
(before neutraliZation) of the acrylic acid as used. 

In addition, in the process according to the present 
invention, the polymeriZation is carried out at a high tem 
perature from the initiation of the polymeriZation, and it is 
inferred that such polymeriZation is a cause of high perfor 
mance. As to polymeriZation under normal pressure, a 
favorable mode thereof is a polymeriZation such that: When 
the polymeriZation conversion has reached 40 mol %, the 
temperature of the system has already been a temperature of 
not loWer than 100° C., and even When the polymeriZation 
conversion has reached 50 mol %, the temperature of the 
system is still a temperature of not loWer than 100° C. And 
a more favorable mode is a polymeriZation such that: When 
the polymeriZation conversion has reached 30 mol %, the 
temperature of the system has already been a temperature of 
not loWer than 100° C., and even When the polymeriZation 
conversion has reached 50 mol %, the temperature of the 
system is still a temperature of not loWer than 100° C. And 
the most favorable mode is a polymeriZation such that: When 
the polymeriZation conversion has reached 20 mol %, the 
temperature of the system has already been a temperature of 
not loWer than 100° C., and even When the polymeriZation 
conversion has reached 50 mol %, the temperature of the 
system is still a temperature of not loWer than 100° C. In 
cases of polymeriZation under reduced pressure, likeWise, a 
favorable mode thereof is a polymeriZation such that: When 
the polymeriZation conversion has reached 40 mol %, the 
temperature of the system has already been the boiling 
temperature, and even When the polymeriZation conversion 
has reached 50 mol %, the temperature of the system is still 
the boiling temperature. And a more favorable mode is a 
polymeriZation such that: When the polymeriZation conver 
sion has reached 30 mol %, the temperature of the system 
has already been the boiling temperature, and even When the 
polymeriZation conversion has reached 50 mol %, the tem 
perature of the system is still the boiling temperature. And 
the most favorable mode is a polymeriZation such that: When 
the polymeriZation conversion has reached 20 mol %, the 
temperature of the system has already been the boiling 
temperature, and even When the polymeriZation conversion 
has reached 50 mol %, the temperature of the system is still 
the boiling temperature. 

In this Way, the system reaches a high temperature When 
the polymeriZation conversion is still loW. Therefore, the 
time as needed for the polymeriZation is also short, and it is 
usual for the polymeriZation to end in not longer than 10 
minutes, favorably not longer than 5 minutes. Incidentally, 
the time as needed for the polymeriZation is a period of time 
of from charge of a polymeriZation reactor With the aqueous 
monomer solution, to Which the polymeriZation initiator has 
been added, till discharge of the resultant hydropolymer 
from the polymeriZation reactor. 

In the present invention, it is desirable that the polymer 
iZation is carried out While Water is evaporated so that the 
ratio (concentration ratio) betWeen a solid component con 
centration in the hydropolymer as formed by the polymer 
iZation and a solid component concentration in the aqueous 
monomer solution Will favorably not be less than 1.10, more 
favorably not be less than 1.15, still more favorably not be 
less than 1.20, yet still more favorably not be less than 1.25. 
In the case Where the concentration ratio is less than 1.10, 
the utiliZation of the heat of polymeriZation cannot be said 
to be sufficient. Incidentally, the solid components in the 
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aqueous monomer solution are monomers and other 

additives, and do not include Water or solvents. 

In the present invention, the ratio of temperature rising 
during the polymerization, namely, the ratio of AT 
(difference betWeen the highest temperature during the poly 
meriZation and the polymerization initiation temperature; ° 
C.), as observed for the polymeriZation system, to theoreti 
cal AT (° C.), (the details of the calculation method for this 
ratio are described in the portion hereof under the heading of 
“DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS”) is favorably not more than 0.30, more 
favorably not more than 0.25, still more favorably not more 
than 0.20. In the case Where the ratio of temperature rising 
during the polymeriZation is more than 0.30, the utiliZation 
of the heat of polymeriZation for the evaporation of Water is 
so insuf?cient that there are disadvantages in that the prop 
erties of the resultant polymers (hydropolymer, base 
polymer, Water-absorbent resin) are deteriorated. 
The hydropolymer, as obtained by the above 

polymeriZation, has a solid component concentration of 
favorably not more than 82 Weight %, more favorably not 
more than 80 Weight %, still more favorably not more than 
75 Weight %. In addition, this solid component concentra 
tion is favorably in the range of 50 to 82 Weight %, more 
favorably in the range of 55 to 82 Weight %, still more 
favorably in the range of 60 to 78 Weight %. yet still more 
favorably in the range of 60 to 75 Weight %. yet still more 
favorably in the range of 60 to 73 Weight %. yet still more 
favorably in the range of 66 to 73 Weight %. In the case 
Where this solid component concentration is more than 82 
Weight %, the deterioration of performance, namely, absorp 
tion capacity, and the increase of the extractable content are 
seen. In addition, in the case Where this solid component 
concentration is less than 50 Weight %, there are disadvan 
tages in that a heavy burden is imposed on the subsequent 
drying step. 

The above hydropolymer favorably has a form as pro 
duced by foaming expansion and shrinkage during the 
polymeriZation. As is illustrated by the photographs of 
FIGS. 3 to 7, this is a form Which is made as a result that: 
the polymeriZation system foams into diameters on the cm 
to mm scale With a Water vapor pressure due to boiling 
during the polymeriZation to become large in surface area, 
and further, to thereby promote the volatiliZation of Water, 
and then the polymeriZation system shrinks. In addition, this 
form exhibits unexpected characteristics of having good 
releasibility from the polymeriZation reactor and facilitating 
the disintegration of the hydropolymer. 

The method for measuring the expansion magni?cation 
during the polymeriZation is described in the portion hereof 
under the heading of “DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS”. The expansion magni? 
cation during the polymeriZation is favorably not less than 2 
times, more favorably not less than 3 times, still more 
favorably not less than 5 times, yet still more favorably not 
less than 10 times, yet still more favorably not less than 20 
times. When expanding, the polymeriZation system is sub 
jected to extension force, so the polymeriZation proceeds 
under extension force. 

The above hydropolymer is divided into ?ne pieces, and 
then dried, and then pulveriZed, so that a base polymer 
(Water-absorbent resin before being subjected to surface 
treatment) can be obtained. 
From observation of the resultant base polymer With a 

microscope, it has been found that even if foaming occurs to 
the polymeriZation, most of particles are in a noncrystalline 
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form Which contains no bubble. The reason therefor seems 
to be that the bubble siZes during the foaming are relatively 
large. 

In the production process according to the present 
invention, the base polymer may further be subjected to 
surface-crosslinking treatment, Whereby a Water-absorbent 
resin having a large absorption capacity under a load can be 
obtained. Usable for this surface-crosslinking treatment are 
conventional surface-crosslinking agents and conventional 
surface-crosslinking methods Which are usually used for 
such a purpose. 

Important for the production process according to the 
present invention is hoW a hydropolymer having a high solid 
component concentration of 55 to 82 Weight % Which is 
formable by polymeriZation can be disintegrated. In the case 
Where the hydropolymer, Which is formed by polymeriZing 
an aqueous solution of Water-absorbent resin-forming 
monomers, has a shape dif?cult to dry as it is, such as shapes 
of thick plates, blocks, and sheets, the hydropolymer is 
usually disintegrated and then subjected to the steps such as 
drying, pulveriZation, classi?cation, and surface 
crosslinking, thus forming a Water-absorbent resin product. 
In cases of acrylic acid (salt)-based Water-absorbent resins, 
a hydropolymer having a solid component concentration of 
less than 55 Weight % can easily be disintegrated With such 
as meat-chopper-type disintegrating machines. In addition, 
like a dried hydropolymer, a hydropolymer having a solid 
component concentration of more than 82 Weight % can 
easily be pulveriZed With such as conventional impact type 
pulveriZing machines. HoWever, a hydropolymer having a 
solid component concentration of 55 to 82 Weight % is 
dif?cult to handle because of its properties and state, there 
fore an attempt to industrially disintegrate such a hydro 
polymer has not yet succeeded. 

Thus, the present inventors diligently studied about hoW 
a hydropolymer having a high solid component concentra 
tion of 55 to 82 Weight % Which is formable by polymer 
iZation can be disintegrated. As a result, the present inven 
tors have found out that such a hydropolymer can easily be 
divided into ?ne pieces With a speci?c disintegrating or 
pulveriZing machine (these are represented by the term 
“disintegrating machine” in the present patent application). 

Incidentally, the shape of the hydropolymer having a solid 
component concentration of 55 to 82 Weight % Which is then 
subjected to the disintegration is not especially limited, but 
is favorably the shape of plates or sheets With a thickness of 
not larger than 3 cm, more favorably the shape of plates or 
sheets With a thickness of not larger than 2 cm, still more 
favorably the shape of plates or sheets With a thickness of 
not larger than 1 cm, yet still more favorably the shape of 
plates or sheets With a thickness of not larger than 5 cm in 
a much Wrinkly form as formed by foaming expansion and 
shrinkage during the polymeriZation. 

Disintegrating machines having a screen are favorable as 
apparatuses for disintegrating the hydropolymer having a 
solid component concentration of 55 to 82 Weight % in the 
present invention. More favorable as such disintegrating 
machines are apparatuses corresponding to shearing type 
coarsely pulveriZing machines or cutting and/or shearing 
mills Which are classi?ed into pulveriZing machines as 
classi?ed into pulveriZing machines in Table 16 4 in the 
Chemical Engineering Handbook (6th revised edition, 
edited by the Chemical Engineering Society of Japan, pub 
lished by MaruZen Co., Ltd. in 1999). Still more favorable 
are apparatuses to make disintegration by shearing betWeen 
a ?xed blade and a rotary blade. The disintegration With 
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these apparatuses provides enablement for easily disinte 
grating the hydropolymer having a high solid component 
concentration of 55 to 82 Weight % Which has so far been 
di?icult to disintegrate. 

Speci?c examples of the shearing type coarsely pulver 
iZing machines or cutting and/or shearing mills include the 
folloWing: 
SAWS, CIRCULAR SAWS, BAND SAW; 
VERTICAL PULVERIZER (VERTICAL CUTTING 
MILL available from Orient Co., Ltd.); 

ROTOPLEX available from HosokaWa Mikron Co., Ltd.; 
TURBO CUTTER available from Turbo Kogyo Co., Ltd.; 
TURBO GRINDER available from Turbo Kogyo Co., 

Ltd.; 
TYRE SHREDDER available from Masuno Seisakusho 

Co., Ltd.; 
ROTARY CUTTER MILL available from Yoshida Sei 

sakusho Co., Ltd.; 
CUTTER MILL available from Tokyo AtomiZer Produc 

tion Co., Ltd.; 
SHRED CRUSHER available from Tokyo AtomiZer Pro 

duction Co., Ltd.; 
CUTTER MILL available from Masuko Sangyo Co., 

Ltd.; 
CRUSHER available from Masuko Sangyo Co., Ltd.; 
ROTARY CUTTER MILL available from Nara Kikai 

Seisakusho Co., Ltd.; 
GAINAX CRUSHER available from Horai Co., Ltd.; 
U-COM available from Horai Co., Ltd.; 
MESHMILL available from Horai Co., Ltd.; 
In the present invention, it has been found out that When 

the hydropolymer having a solid component concentration 
in the range of 55 to 82 Weight % is disintegrated With a 
disintegrating machine, if a contrivance is carried out in such 
a manner that the solid component concentration is 
increased by not less than 2 points (for example, the increase 
from 70 Weight % to 72 Weight % in the solid component 
concentration of the hydropolymer by the disintegration of 
the hydropolymer means an increase of 2 points in the solid 
component concentration) or that a gas, favorably dry air, is 
passed through the disintegrating machine or if both con 
trivances are carried out, then the hydropolymer is disinte 
grated even With a disintegrating machine of other than the 
cutting type Wherein such disintegration of the hydropoly 
mer is conventionally di?icult. 
As the ratio of the increase in the solid component 

concentration gets higher from 2 points to 3 points, 4 points 
or as the through-Wind amount gets larger, the disintegration 
becomes easier. HoWever, they should be selected consid 
ering economical aspects. When the disintegration is carried 
out, the Water vapor as emitted from the hydropolymer 
might condense in the apparatus to easily cause the hydro 
polymer to adhere to the apparatus and to clog it up, but the 
through-Wind is considered to prevent such phenomena from 
occurring. 

In addition, the disintegration may involve addition of 
surfactants as disclosed in JP-A-188726/ 1999 (Nippon 
Shokubai Co., Ltd.). HoWever, their necessity becomes less 
as the solid component concentration of the hydropolymer 
gets higher. 

The Weight-average particle diameter of the disintegrated 
hydropolymer as obtained by the disintegrating means 
according to the present invention is favorably not larger 
than 100 mm, more favorably not larger than 10 mm, still 
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more favorably not larger than 3 mm, most favorably not 
larger than 1 mm. It is ideal that the disintegration can be 
made even into the particle diameters of end products in a 
hydropolymer state. 
The residual monomer content of the disintegrated par 

ticulate hydropolymer as obtained by the disintegrating 
means according to the present invention is not especially 
limited, but is not more than 3,000 ppm favorably for 
prevention of the residual monomers from ?ying about in 
such as the subsequent drying step. According to uses, the 
residual monomer content is favorably not more than 1,000 
ppm, more favorably not more than 500 ppm, most favor 
ably not more than 300 ppm. Particularly in the case Where 
the particulate hydropolymer is intactly used for sanitary 
articles such as disposable diapers, the residual monomer 
content is favorably not more than 1,000 ppm, more favor 
ably not more than 500 ppm. 

It is favorable that the disintegrated hydropolymer 
(particulate hydropolymer) as obtained by the disintegrating 
means according to the present invention has a solid com 
ponent concentration in the range of 55 to 82 Weight %, a 
residual monomer content of not more than 1,000 ppm, and 
a Weight-average particle diameter of not larger than 3 mm. 

Incidentally, the disintegrated hydropolymer (particulate 
hydropolymer) having a solid component concentration in 
the range of 55 to 82 Weight %, a residual monomer content 
of not more than 1,000 ppm, and a Weight-average particle 
diameter of not larger than 3 mm, according to the present 
invention, does not include those Which are obtained by 
adding Water to a hydropolymer Which has once got into a 
dry state (solid component concentration=not less than 83 
Weight %). 

In the production process according to the present 
invention, the disintegrated hydropolymer may be dried. The 
drying method is not especially limited, but favorable 
examples thereof include drying methods in Which the 
material is su?iciently brought into contact With hot air or a 
heat transfer surface While being moved, such as agitation 
drying methods, ?uidiZed-bed drying methods, and pneu 
matic drying methods. 

In the production process according to the present 
invention, hoW to subsequently treat the disintegrated hydro 
polymer (particulate hydropolymer) can be selected from 
among the folloWing methods: 

(1) The particulate hydropolymer is intactly made into 
manufactured goods, namely, intactly provided to uses 
such as sanitary articles or agricultural and horticultural 
uses. In order to afford the ?uidity to the particles, they 
may be mixed With ?nely-particulate inorganic sub 
stances (e.g. bentonite, Zeolite, silicon dioxide). 

(2) The particulate hydropolymer is mixed With and 
alloWed to react With a surface-crosslinking agent, and 
then made into manufactured goods still in a Water 
containing state. This method needs no energy for 
vaporiZation of Water. In order to afford the ?uidity to 
the particles, they may be mixed With ?nely-particulate 
inorganic substances (e.g. bentonite, Zeolite, silicon 
dioxide). 

(3) The particulate hydropolymer is mixed With and 
alloWed to react With a surface-crosslinking agent, and 
dried, and then made into manufactured goods. In this 
method, the heating energy for drying can serve as 
energy for the surface-crosslinking reaction, too. 

(4) The particulate hydropolymer is dried and then 
intactly made into manufactured goods. 

(5) The particulate hydropolymer is dried, and then 
pulveriZed, and then classi?ed, and then made into 
manufactured goods. 
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(6) The particulate hydropolymer is dried, and then 
pulverized, and then classi?ed, and then surface 
crosslinked, and then made into manufactured goods. 

Because it has become possible to obtain the particulate 
hydropolymer by disintegrating the hydropolymer having a 
solid component concentration of 55 to 82 Weight % Which 
has so far been difficult to disintegrate, the folloWing have 
neWly become possible. 

1) The above methods (1) to (3) becomes possible. 
2) It is possible to use the aforementioned drying methods 

in Which the material is suf?ciently brought into contact 
With hot air or a heat transfer surface While being 
moved and Which are therefore good in thermal ef? 
ciency (such as agitation drying methods, ?uidiZed-bed 
drying methods, and pneumatic drying methods), but 
has so far been dif?cult to use as drying methods for a 
hydropolymer having a solid component concentration 
of loWer than 55 Weight % unless a material having a 
mold-releasing function such as a surfactant is added 
thereto. 

3) Because the disintegration of the polymer can be 
carried out in a Water-containing state, almost no ?ne 
poWder is generated, so a particulate hydropolymer 
With a loW ?ne-poWder content is obtained. 

Another favorable example of the production process, 
according to the present invention, is a process for producing 
a Water-absorbent resin Which comprises the step of poly 
meriZing an aqueous solution of Water-absorbent resin 
forming monomers including acrylic acid and/or its salt as 
major components, Wherein: 

(1) the polymeriZation step produces a hydropolymer 
having a solid component concentration in the range of 
55 to 82 Weight %; 

and Wherein the process further comprises the folloWing 
steps: 

(2) a disintegration step for disintegrating the 
hydropolymer, Which has a solid component concen 
tration in the range of 55 to 82 Weight %, into particles 
of Which the Weight-average diameter is not larger than 
10 mm; and 

(3) a drying step for increasing the solid component 
concentration in the disintegrated hydropolymer by not 
less than 3%. The inclusion of these three steps makes 
it possible to provide a process by Which a Water 
absorbent resin With excellent performance is produced 
at a loW cost and further to provide by reasonable steps 
the folloWing materials: a base polymer exhibiting a 
high absorption capacity Without load and having a loW 
extractable content; and a surface-crosslinked Water 
absorbent resin exhibiting a high absorption capacity 
under a load. 

The present invention further provides a novel Water 
absorbent resin Which Well functions in uses such as sanitary 
articles, and is not bulky and is easily decomposed into 
linear polymers When being disposed of after being used. 
As to conventional methods for disposing of Water 

absorbent resin-containing sanitary articles such as dispos 
able diapers and sanitary napkins after being consumed by 
users, examples thereof include: (1) combustion; (2) land?ll; 
(3) combustion after volume reduction treatment; (4) putting 
doWn ?ush toilets; (5) conversion into compost; and (6) 
others. Many studies and investigations are made about 
in?uences of Waste Water-absorbent resins upon the 
environment, and it is reported that the in?uences are on 
levels Which do not matter. HoWever, in the case Where used 
sanitary articles are embedded into soil, Water-absorbent 
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resins absorb Water in soil to sWell much and are therefore 
considered to occupy places and spaces for Wastes. Such 
things have not yet mattered, but are desired to also be taken 
into consideration in future, and it is desirable therefor that 
the Water-absorbent resins become soluble or decompose in 
the environment. 

Thus, many studies are made about biodegradable Water 
absorbent resins. 

For example, they are reported in JP-A-0255896/1999 
(Mitsui Chemical Corporation), JP-A-114803/2001 
(Yunichika), JP-A-059820/ 1996 (Nippon Shokubai Co., 
Ltd.), JP-A-196901/1996 (Nippon Shokubai Co., Ltd.), 
JP-A-089796/1996 (Nippon Shokubai Co., Ltd.), JP-A 
124754/1997 (Nippon Shokubai Co., Ltd.), and JP-A 
216914/1997 (Nippon Shokubai Co., Ltd.). HoWever, these 
are made into manufactured goods of Which the prices are 
high because of their expensive raW materials and compli 
cated production processes. In addition, they are inferior to 
acrylic acid-based Water-absorbent resins also in respect to 
performance. Therefore, in the present circumstances, they 
have not yet been put to practical use. 

JP-A-104929/2001 (Nippon Asahi Kiko Sale) proposes a 
process for volume reduction treatment of used disposable 
diapers, and Water-absorbent resins are desired to become 
less bulky after being used. 

Sanitary articles Which contain Water-absorbent resins and 
can be put doWn ?ush toilets Were also devised (JP-A 
210166/1994 and US. Pat. No. 5,415,643 (Kimberly 
Clark)). Because the Water-absorbent resins sWell in 
drainpipes, the possibility that the drainpipes might be 
clogged up becomes high. Therefore, Water-absorbent resins 
are desired to become soluble or decompose When they have 
been put doWn ?ush toilets. 

In addition, Waste Water-absorbent resins involved by the 
process for producing Water-absorbent resins are thought to 
be disposed of by combustion, but there are also attempts to 
usefully utiliZe the Waste Water-absorbent resins. For 
example, US. Pat. No. 6,143,820 (DoW) discloses an 
attempt to decompose an acrylic acid-based Water-absorbent 
resin into a linear polymer and to make good use of this 
linear polymer as a dispersant, a scale inhibitor, or a deter 
gent additive. 
The present invention provides a novel Water-absorbent 

resin to solve these problems. 
Speci?cally, this Water-absorbent resin, according to the 

present invention, is obtained by a process including the step 
of polymeriZing an aqueous solution of Water-absorbent 
resin-forming monomers including acrylic acid and/or its 
salt as major components, and has the folloWing properties: 

(1) 20 (g/g)§ absorption capacity Without load (GV)§60 
(g/g); 

(2) absorption capacity under a load (AAP) 220 (g/ g); and 
(3) absorption capacity Without load (GV)><solubiliZation 

residue ratio (%)§ 1,200 ((g/g)%). 
The above absorption capacity Without load (GV) is 

favorably in the range of 25 to 55 (g/g), more favorably 25 
to 50 (g/g). In the case Where the absorption capacity 
Without load (GV) is less than 20 (g/g), there are uneco 
nomical disadvantages. In the case Where the absorption 
capacity Without load (GV) is more than 60 (g/g), there are 
disadvantages in that the gel strength is not obtained on a 
practical use level. 

The above absorption capacity under a load is 
favorably not less than 25 (g/ g), more favorably not less than 
30 (g/g), still more favorably not less than 35 (g/g). In the 
case Where the absorption capacity under a load is 
less than 20 (g/g), there are disadvantages in that no favor 
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able performance is exhibited When the resultant Water 
absorbent resin is used for sanitary articles in a high con 
centration. 

The value of the above absorption capacity Without load 
(GV)><solubilization residue ratio (%) is favorably not more 
than 1,000 ((g/g)%), more favorably not more than 800 
((g/g)%), still more favorably not more than 600 ((g/g)%). In 
the case Where this value is more than 1,200 ((g/g)%), there 
are disadvantages in that the resultant Water-absorbent resin 
is dif?cult to decompose and solubilize. 
A speci?c process for producing the above Water 

absorbent resin comprises the step of polymerizing an 
aqueous solution of Water-absorbent resin-forming mono 
mers including acrylic acid and/or its salt as major 
components, Wherein: 

(1) the aqueous solution has a monomer component 
concentration of not less than 50 Weight %; and 

(2) an internal-crosslinking agent is used in a ratio of not 
larger than 0.02 mol % to the entirety of the Water 
absorbent resin-forming monomers; 

and Wherein the process further comprises the steps of: 
(3) surface-crosslinking the Water-absorbent resin; and 
(4) adding a chelating agent to the Water-absorbent resin 

in a ratio of not less than 10 ppm thereto. 
More speci?cally, the monomer component concentration 

in the aqueous solution needs not to be less than 50 Weight 
%, and is favorably in the range of 53 to 70 Weight %. The 
ratio of the internal-crosslinking agent to the entirety of the 
Water-absorbent resin-forming monomers needs not to be 
larger than 0.02 mol %, and is favorably not larger than 0.01 
mol %, more favorably not larger than 0.005 mol %. 
Furthermore, the Water-absorbent resin needs to be surface 
crosslinked, and the GV of the surface-crosslinked resin is 
favorably not larger than 80%, more favorably not larger 
than 70%, still more favorably not larger than 60%, most 
favorably not larger than 50%, of that of the base polymer. 

In the case Where a Water-absorbent resin is used for 
sanitary articles, such a Water-absorbent resin as decom 
poses When being used is of no practical use. Therefore, the 
addition of the chelating agent to the Water-absorbent resin 
is needed. The addition of the chelating agent may be carried 
out in any step of the process for producing the Water 
absorbent resin. In the case Where the amount of the chelat 
ing agent as added is less than 10 ppm, the effects are poor. 
The amount of the chelating agent as added is favorably not 
less than 20 ppm. 
(Effects and Advantages of the Invention) 

The present invention can provide by reasonable steps the 
folloWing materials: a base polymer exhibiting a high 
absorption capacity Without load and having a loW extract 
able content; and a surface-crosslinked Water-absorbent 
resin exhibiting a high absorption capacity under a load. 

Because the Water-absorbent resin obtained by the present 
invention exhibits the above effects, this Water-absorbent 
resin is useful for various purposes, for example, as folloWs: 
articles contacting human bodies, such as sanitary articles 
(e.g. disposable diapers for children and adults, sanitary 
napkins, and adult incontinent products); Water-retaining 
materials for plants and soil; sealing materials for electric 
Wires and optical cables; and sealing materials for engineer 
ing Works or constructions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, the present invention is more speci?cally 
illustrated by the folloWing examples of some preferred 
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20 
embodiments in comparison With comparative examples not 
according to the invention. HoWever, the invention is not 
limited thereto. Incidentally, in the examples, unless other 
Wise noted, the unit “part(s)” denotes that by Weight. 

Measurement of Absorption Capacity Without Load (GV)) 
First, 0.2 g of Water-absorbent resin Was uniformly placed 

into a nonWoven-fabric-made bag (60 mm><60 mm), and 
then the bag Was immersed into a 0.9 Weight % aqueous 
sodium chloride solution (physiological saline solution). 
Thirty minutes later, the bag Was draWn up and then drained 
at 250x981 m/s2 (250 G) for 3 minutes With a centrifugal 
separator, and the resultant Weight W1 (g) of the bag Was 
then measured. On the other hand, the same procedure Was 
carried out Without the Water-absorbent resin, and the result 
ant Weight W0 (9) Was measured. Thus, the GV (absorption 
capacity Without load) Was calculated from these Weights 
W1 and W0 in accordance With the folloWing equation: 

GV (g/g)=[{Weight W1(g)-Weight W0(g)}/(Weight (g) of Water 
absorbent resin)]—1 

In addition, as to the hydropolymer, its GV measurement 
Was carried out in the same Way as that for the Water 
absorbent resin except that: 0.2 g in terms of solid content 
of the hydropolymer Was used; the time of the immersion in 
the physiological saline solution Was 24 hours; and the GV 
calculation involved a correction based on the solid content. 

Measurement of Extractable Content and Neutralization 
Ratio 

An amount of 184.3 g of a 0.9 Wt % aqueous NaCl 
solution (physiological saline solution) Was Weighed out 
into a plastic container of a capacity of 250 ml With a lid, and 
then 1.00 g of Water-absorbent resin Was added to this 
aqueous solution, and then they Were stirred together for 16 
hours, Whereby extractable components Were extracted from 
the resin. The resultant dispersion Was ?ltered With ?lter 
paper, and 50.0 g of the resultant ?ltrate Was Weighed out as 
a measurement solution. 

First of all, the physiological saline solution Was titrated 
alone With a 0.1 N aqueous NaOH solution until pH reached 
10, and then With a 0.1 N aqueous HCl solution until pH 
reached 2.7, thus obtaining blank titration amounts 
([bNaOH] ml and [bHCl] ml). 
The same titration procedure as the above Was carried out 

for the measurement solution, thereby determining its titra 
tion amounts ([NaOH] ml and [HCl] ml). 

For example, in the case of a Water-absorbent resin 
comprising acrylic acid and its sodium salt, the extractable 
content and the neutralization ratio of this Water-absorbent 
resin can be calculated from the Weight-average molecular 
Weight of the Water-absorbent resin and the titration 
amounts, as determined by the above procedures, in accor 
dance With the folloWing calculation formula: 

Neutralization ratio (mol %)={1—([NaOH]—[bNaOH])/([HC1]— 
[bHCl])}><100 Extractable content (Weight %)=0.1><MW><184.3>< 
100x([HCl]—[bHCl])/1,000/1.0/50.0 wherein MW=72.06><(1— 
neutralization ratio/100)+94.04><neutralization ratio/100 

In addition, as to the hydropolymer, its extractable content 
measurement Was carried out in the same Way as that for the 
Water-absorbent resin except that: 1.00 g in terms of solid 
content of the hydropolymer Was used; the time of the 
immersion in the physiological saline solution Was 24 hours; 
and the extractable content calculation involved a correction 
based on the solid content. 
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GEX Value 
When the GV value and the extractable content of the 

base polymer are denoted by y (g/g) and X (Weight %) 
respectively, the GEX value is de?ned by the following 
equation: 

Wherein: In(x) is a natural logarithm of X. 
The GEX value is an index for denoting by one parameter 

an evaluation of regarding a loW extractable content for GV 
value as good and a high extractable content for GV value 
as bad in relations betWeen the GV value and the extractable 
content. The larger this GEX value is, the higher the 
performance is. 
Measurement of Residual Monomer Content 

First, 0.5 g of Water-absorbent resin Was added to 1,000 g 
of deioniZed Water to carry out extraction under stirring for 
2 hours. Then, the resultant sWollen gelled Water-absorbent 
resin Was ?ltered off With ?lter paper, and then the residual 
monomer content of the resultant ?ltrate Was analyZed by 
liquid chromatography. On the other hand, a calibration 
curve Which Was obtained by analyZing a monomer standard 
solution of an already knoWn concentration in the same Way 
as the above Was taken as an external standard. Therefrom, 
the residual monomer content of the Water-absorbent resin 
Was determined in consideration of the dilution magni?ca 
tion of the ?ltrate. 

In addition, as to the hydropolymer, its residual monomer 
content measurement Was carried out in the same Way as that 
for the Water-absorbent resin except that: 0.5 g in terms of 
solid content of the hydropolymer Was used; the time of the 
immersion in the physiological saline solution Was 24 hours; 
and the residual monomer content calculation involved a 
correction based on the solid content. 
Measurement of Solid Component Concentration in Hydro 
polymer 
A bit of a portion of the hydropolymer as got out of the 

polymeriZation reactor Was cut off and then quickly cooled 
and then quickly divided into ?ne pieces With scissors. Next, 
5 g of the hydropolymer as ?nely divided in this Way Was 
placed into a Petri dish and then dried in a drying oven of 
180° C. for 24 hours to calculate the solid component 
concentration in the hydropolymer. As to a particulate 
hydropolymer, the solid component concentration therein 
Was calculated by placing 5 g of sample into a Petri dish and 
then drying it in a drying oven of 180° C. for 24 hours. 
Calculation of Concentration Ratio 

Calculated is a ratio (concentration ratio) betWeen a solid 
component concentration in the hydropolymer as formed by 
polymeriZation and a solid component concentration in the 
aqueous monomer solution. Incidentally, the solid compo 
nents in the aqueous monomer solution are monomers and 

other additives, and do not include Water or solvents. For 
example, in the case Where the solid component concentra 
tion in the aqueous monomer solution is 40 Weight % and 
Where the solid component concentration in the formed 
hydropolymer is 48 Weight %, the concentration ratio is 
48/40=1.20. 
Measurement of Absorption Capacity under Load 

First, 0.9 g of Water-absorbent resin is uniformly spread 
on a stainless metal gauZe of 400 mesh (mesh opening siZe: 
38 pm) as attached by fusion to the bottom of a plastic 
supporting cylinder With an inner diameter of 60 mm. Next, 
a piston and a load are mounted in sequence on the above 
Water-absorbent resin, Wherein the piston has an outer 
diameter of only a little smaller than 60 mm and makes no 
gap With the Wall face of the supporting cylinder, but is not 
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hindered from moving up and doWn, and Wherein the total 
Weight of the piston and the load is adjusted to 565 g so that 
a load of 20 g/cm2 (corresponding to 1.96 kPa) can uni 
formly be applied to the Water-absorbent resin. Then, the 
Weight (Wa) of the resultant set of measurement apparatus is 
measured. 
A glass ?lter plate of 90 mm in diameter is mounted inside 

a Petri dish of 150 mm in diameter, and a 0.9 Weight % 
aqueous NaCl solution is added up to the same level as the 
surface of the glass ?lter plate, on Which ?lter paper of 90 
mm in diameter is then mounted so that its entire surface Will 
be Wetted, and further, an excess of liquid is removed. 

The above set of measurement apparatus is mounted on 
the above Wet ?lter paper, thereby alloWing the Water 
absorbent resin to absorb the liquid under load. Then, 1 hour 
later, the set of measurement apparatus is removed by being 
lifted to measure its Weight again. 
The absorption capacity under load is determined 

from the folloWing equation: 

Measurement of Temperature of Polymerization System 
A PC card type data-collecting system, NR-1000 pro 

duced by Keyence Co., Ltd., Was used to measure the 
temperature of a system exhibiting a rapid change of tem 
perature. A thermocouple Was put in the central portion of 
the polymeriZation system to measure its temperature at a 
sampling period of 0.1 second. The polymeriZation initiation 
temperature and the peak temperature (highest temperature) 
Were read from the resultant temperature-time chart. 
Polymerization Time 

Measured is a period of time of from completion of the 
polymeriZation initiation conditions folloWing the charge of 
the aqueous monomer solution into a polymeriZation reactor 
(from initiation of irradiation of light in the case Where the 
at least one photoinitiator is used; or from charge of the 
aqueous monomer solution and a polymeriZation initiator 
into a polymeriZation reactor in the case Where no photo 
initiator is used) till attainment to the peak temperature. 
Namely, the total of Induction period)+(period of time of 
from polymeriZation initiation till peak temperature) is mea 
sured. 
Ratio of Temperature Rising during PolymeriZation 
The ratio of temperature rising during the polymeriZation 

is a ratio of AT (difference betWeen the highest temperature 
during the polymeriZation and the polymeriZation initiation 
temperature; ° C.), as observed for the polymeriZation 
system, to theoretical AT (° C.) as folloWs: 

Ratio of temperature rising during polymerization=(observed AT 
(0 C.))/(theoretical AT (0 

Wherein 

theoretical AT (0 C.)=(monomer mol)><(1.85 kcal/mol)/(solid com 
ponents (kg) in aqueous monomer solution x0.5 (kcal/O C./kg)+ 
Water (kg) in aqueous monomer solution ><1.0 (kcal/O C./kg)) 

Measurement of Dissolved Oxygen Content of Aqueous 
Monomer Solution 
A measurement apparatus (DO meter UD-1 model pro 

duced by Central Science Co., Ltd.) Was used to measure the 
dissolved oxygen content of the prepared aqueous monomer 
solution When its liquid temperature Was 50° C. by icing the 
solution While gently stirring it so as not to mingle bubbles 
thereinto under a nitrogen atmosphere. 
Increase of NeutraliZation Ratio 
The difference betWeen the neutraliZation ratio of the base 

polymer and that of the monomers is denoted by points. For 
























